Abstract. Pseudolaric acid B (PAB) is the primary biologically active compound isolated from the root bark of P. kaempferi GORDON. Our previous study demonstrated that PAB induced mitotic catastrophe in L929 cells and indicated that only a small percentage (12%) of the cells undergoing mitotic catastrophe displayed an apoptotic phenotype after PAB treatment for 72 h. In this study, we found that a minority of the cells undergoing mitotic catastrophe ended in apoptosis, and a majority of them entered a period of senescence. Further data confirmed that PAB induced autophagy, reactive oxygen species (ROS) generation, and mitochondrial dysfunction in L929 cells. Subsequently, we found that autophagy inhibitors significantly delayed the senescence process, indicating that autophagy facilitated senescence. Moreover, ROS scavenger significantly decreased the autophagic level and improved mitochondrial function. Additionally, autophagy inhibitors effectively reduced ROS levels and ameliorated mitochondrial function. In conclusion, autophagy promoted senescence via enhancement of ROS generation and mitochondrial dysfunction in PAB-treated L929 cells.
Introduction
The Pseudolarix kaempferi GORDON (Pinaceae) is indigenous to central China. The bark of this tree has been used in Chinese folk medicine to treat dermatologic fungal infections (1) . Pseudolaric acid B (PAB) is a natural diterpenoid compound isolated from the root bark of pseudolarix kaempferi GORDON. PAB displays multiple biological and pharmacological activities including antifungal, antimicrotubule, and antiangiogenic properties (1 -2) . Recently, the molecular mechanisms of apoptosis and G 2 /M cell cycle arrest induced by PAB have been extensively studied (3 -4) . However, the detailed molecular mechanisms of the other death pathways and the relationships among them induced by PAB have not been fully understood.
L929 cells are a murine aneuploid fibrosarcoma cell lines used to assay TNF-α and TNF-β. Our group has studied the death process of L929 cells for many years. We have found that L929 cells can undergo cell death via apoptotic, autophagic, and necroptotic pathways in different conditions (5 -6) . Many cancer cells including human melanoma A375-S2 cells, glioblastoma U87 cells, and colorectal carcinoma HCT116 cells are sensitive to apoptosis after a short time exposure to PAB (7 -9) . Mitotic catastrophe is an event in which a cell is destroyed during mitosis or after a faulty mitosis. In our previous study we demonstrated that L929 cells underwent mitotic catastrophe, and then partially underwent apoptotic cell death after prolonged exposure to
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PAB (9) . Characteristics of this death pathway are different from those of apoptotic cell death induced by PAB in other cell lines. Thus, we selected L929 cells to further elucidate this other mechanism of PAB-induced cell death.
One fate of the cells in mitotic catastrophe is senescence (10) . Senescence is a process in which cells enter a state of permanent cell cycle arrest. It denotes continued viability and metabolic activity despite long-term loss of proliferative capacity (11) . Cellular senescence occurs not only under pathophysiological conditions in vivo, but also under artificial conditions in vitro (11 -12) . Recently, cellular senescence is thought to participate in at least four complex biological processes (tumor suppression, tumor promotion, aging, and tissue repair) (13) . Thus, we tried to understand the senescence process better to make use of its benefits and avoid its draw backs.
Besides senescence, autophagy is also a distinct cellular response to stress. They interact in a very complex way (14 -15) . Autophagy is a dynamic process in which damaged organelles, cell membranes, and proteins are packed in autophagosomes and degraded through the lysosomal machinery. It plays important roles in cell growth and tissue homeostasis via keeping a balance among organelle biogenesis, protein synthesis, and protein clearance (16 -17) . Autophagy might function as a double-edged sword. It is crucial for cell survival under a range of different stress conditions, but it also damages cells when it is massively activated or inhibited (16) .
Reactive oxygen species (ROS) played an important role in both autophagy and the senescence process (18 -19) . A moderate increase of ROS may contribute to cancer development by promoting cell proliferation and survival (20) . However, when ROS levels become excessively high, it may destroy the antioxidant defenses and trigger cell death (21) . Mitochondria are the major source and targets of ROS (22) . The mitochondrial superoxide is unstable and quickly transformed into longer-lasting hydrogen peroxide by action of superoxide dismutase. Mitochondria are cellular structures that convert the energy into forms usable by the cell. Besides supplying cellular energy, mitochondria participate in a wide range of fundamental processes including proliferation, cellular differentiation, and the control of the cell cycle and growth (23) . Abnormal ROS level will induce mitochondrial dysfunction. Mitochondrial dysfunction is involved in several human senile diseases, including Alzheimer's disease, Parkinson's disease, cardiovascular disease, and diabetes mellitus (21) .
In this study, we investigated whether autophagy and ROS were induced in the senescence process, and the relationships among autophagy, ROS generation, mitochondrial dysfunction, and senescence were elucidated.
Materials and Methods

Reagents
PAB was obtained from China Institute of Biological Products (Beijing, China). 2',7'-Dichlorofluorescein diacetate (DCFH-DA), monodansylcadervarine (MDC), chloroquine (CQ), propidium iodide (PI), and N-acetylcysteine (NAC) were purchased from Sigma Chemical (St. Louis, MO, USA). GFP-LC3, lipofectamine 2000, MitoTracker Deep Red, MitoTracker Green FM, and MitoSOX TM Red were purchased from Invitrogen (Invitrogen, Carlsbad, CA, USA). ATG5-siRNA and negative control siRNA were synthesized by GenePharma Biotechnology (Shanghai, China). The Cellular Senescence Assay Kit was purchased from Cell Biolabs (San Diego, CA, USA). The ATP Assay Kit was from Beyotime (Shanghai, China). 3-Methyladenine (3MA); polyclonal antibodies against ATG5, LC3, p21, and β-actin; and horseradish peroxidase-conjugated secondary antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The electrochemiluminescence (ECL) reagent was from Thermo Scientific (Rockford, IL, USA).
Cell culture
The murine fibrosarcoma L929 cell line was obtained from American Type Culture Collection (ATCC, Manassas, VA, USA). The cells were cultured in RPMI 1640 medium (GIBCO, Gaithersburg, MD, USA) supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin, and 100 μg/ml streptomycin and maintained at 37°C with 5% CO 2 in a humidified atmosphere.
SA-β-Gal staining
To detect senescent cells, we used the cellular senescence assay kit (Cell Biolabs). Briefly, the cells were washed twice with PBS and incubated in 2 ml of fixing solution at room temperature for 5 min. After removing the fixing solution and washing the fixed cells three times with PBS, the cells were stained with 2 ml of freshly prepared cell staining working solution at 37°C protected from light for 12 h. After staining, the cells were washed and counted by light microscopy (Olympus, Tokyo). The quantification of SA-β-Gal-positive cells (a local blue precipitate in the cytoplasm) was performed by counting cells at 5 random fields per dish and assessing the percentage of SA-β-Gal-positive cells from at least 200 cells per field.
Cellular ATP assay
L929 cells were cultured in RPMI 1640 medium for 24 h and then treated with PAB for the indicated time points. Intracellular ATP concentration was determined by the commercial ATP determination kit, and the data were normalized for total cell protein.
Measurement of autophagy
The treated cells were incubated with 0.05 mM monodansylcadaverine (MDC), a marker for autophagic vacuoles at 37°C for 1 h (24) . Then, the cells were harvested, and the pellets were suspended in 1 ml PBS. The fluorescence intensity of cells was analyzed by the FACScan flow cytometry (Becton Dickinson, Franklin Lakes, NJ, USA) (5) .
Cells were transfected with green fluorescent proteinlabeled LC3 (GFP-LC3) using Lipofectamine 2000 according to the manufacturer's instructions for 24 h. The cells were treated with PAB for the indicated time points. Then, the fluorescence of GFP-LC3 was observed under a fluorescence microscope.
Observation of autophagy by transmission electron microscopy
After treatment with PAB, the collected cells were fixed with 3% glutaraldehyde in PBS and then postfixed with 1% OsO4 in PBS. The samples were dehydrated in graded alcohol, embedded with Epon 812, and sectioned. Ultrathin sections were stained with uranyl acetate and lead citrate and examined using a JEM-1200 transmission electron microscope (JEOL, Tokyo).
Flow cytometric analysis
SubG0/G1 distribution was determined by staining with PI (5). The treated cells were harvested, rinsed with cold PBS and fixed in 70% ethanol at 4°C for at least 18 h. Then the cell pellets were stained with the fluorescent probe solution containing 50 μg/ml PI and 1 mg/ml DNase-free RNaseA in PBS on ice in the dark for 1 h. The DNA fluorescence of PI-stained cells was evaluated with the FACScan flow cytometer. Intracellular ROS were detected by staining with the oxidation-sensitive fluorescent probe dye, 2',7'-dichlorofluorescein diacetate (DCF-DA). The treated cells were incubated with 10 mM DCF-DA at 37°C for 30 min. The cells were harvested, and the pellets were suspended in 1 ml PBS. Samples were analyzed with the FACScan flow cytometer (25) .
Mitochondrial superoxide levels were determined by staining with MitoSOX TM Red. The treated cells were incubated with 5 μM MitoSOX TM Red at 37°C for 15 min. The cells were harvested, and the pellets were suspended in 1 ml PBS. Samples were analyzed by the FACScan flow cytometer (26) .
Respiratory chain damage was determined by double staining with two different mitochondria-specific dyes. Mitochondria in cells stained with nanomolar concentrations of MitoTracker Green FM dye exhibit bright green, fluorescein-like fluorescence. MitoTracker Deep Red is well suited for multicolour labelling experiments because the red fluorescence is well resolved from the green fluorescence of other probes. MitoTracker Deep Red does not fluoresce until it enters actively respiring cells, where it is oxidised to the corresponding fluorescent mitochondrion-selective probe and then sequestered in the mitochondria. The treated cells were co-incubated with 200 nM MitoTracker Green FM and 500 nM MitoTracker Deep Red in the dark at 37°C for 15 min and then harvested. The pellets were suspended in 1 ml PBS, and samples were analyzed with the FACScan flow cytometry. The ratio of R2 (MitoTracker Green-positive, MitoTracker Deep Red 633-negative) is an important parameter of accumulation of non-respiring mitochondria (26) .
Silence of ATG5 by RNA interference
L929 cells were plated in six-well plates and cultured for 24 h in RPMI 1640 medium with 10% FBS. Cells were transfected with siRNAs (100 pmol/well) using Lipofectamine 2000 according to the manufacturer's instructions. The cells were incubated at 37°C, 5% CO 2 for 24 hours, and then the transfection medium was replaced with 3 ml fresh growth medium. Transfection efficiency was analyzed by western blot analysis. The transfected cells were used for subsequent experiments.
Western blot analysis
Both adherent and floating L929 cells were harvested, washed twice in ice-cold PBS, and then lysed in lysis buffer [50 mM Hepes (pH 7.4), 1% Triton-X 100, 2 mM sodium orthovanadate, 100 mM sodium fluoride, 1 mM edetic acid, 1 mM PMSF, 10 μg/ml aprotinin and 10 μg/ml leupeptin] on ice for 1 h. After centrifuging at 13,000 × g for 15 min, the protein content of the supernatant was determined using Bio-Rad's protein assay reagent (Bio-Rad, Hercules, CA, USA). The cell lysates were separated by 12% SDS-PAGE and blotted onto nitrocellulose membranes (Amersham Biosciences, Piscataway, NJ, USA). The membranes were soaked in 5% skim milk and incubated with primary polyclonal antibodies overnight. Membranes were washed three times for 10 min with 0.1% Tween 20 in TBS and incubated with the respective peroxidase-conjugated secondary antibodies for 2 h. After three times washing for 10 min, the proteins were visualized by enhanced chemiluminescent ECL reagents (Thermo Scientific).
Statistical analyses
All data represented at least three independent experiments and were expressed as the mean ± S.E.M. The data were analyzed by ANOVA using Statistics Package for Social Science software (version 13.0; SPSS, Chicago, IL, USA) and the LSD-post-hoc test was employed to assess the statistical significance of difference between the control and treated groups. P-values of less than 0.05 were considered statistically significant.
Results
A minority of the cells undergoing mitotic catastrophe ended in apoptosis, but a majority of them entered a period of senescence
In our previous studies, we demonstrated that the PAB-treated L929 cells initially exhibited a rounded morphology. Eventually, the round cells became flat, enlarged, multinucleated, and adherent. The percentage of multinucleated cells, which morphologically indicate mitotic catastrophe, increased rapidly in a time-dependent manner, reaching a peak value of 73% at 72 h (9) . A small percentage (12%) of the cells undergoing mitotic catastrophe displayed an apoptotic phenotype after PAB treatment for 72 h (9). However, the fate of the other cells undergoing mitotic catastrophe is still unknown. Senescence is one fate of the cells in mitotic catastrophe (10) . Moreover, the appearance of flat, enlarged, multinucleated, and adherent cells is also indicative of senescence (19) . Therefore, we inferred that senescence might be induced in the cell death events. In our previous study, 20 μm PAB was applied (9) . In order to keep the same condition, we applied the same concentration of PAB as our previous study.
Consistent with our previous study, approximately 12% of the cells undergoing mitotic catastrophe displayed an apoptotic phenotype after PAB treatment for 72 h. The particles with subG0/G1 (< 2 N) DNA content were indicative of apoptotic cells. The fraction of apoptotic cells significantly increased to 33% between 72 and 96 h (Fig. 1B) . Senescent cells display several characteristics such as increased activity of senescenceassociated β-galactosidase and increased expression p21 (19) . SA-β-Gal staining showed that only 4% of the cells displayed characteristic senescence morphology after treatment with PAB for 48 h (Fig. 1C) . However, the incidence of SA-β-Gal positive cells rose to 56% between 48 and 72 h and remained in a steady level between 72 and 96 h (Fig. 1C) . Western blot analysis showed that protein level of p21 increased evidently between 0 and 72 h (Fig. 1D) . Taken together, we concluded that the fates of cells undergoing mitotic catastrophe are apoptosis and senescence. In addition, only a small percentage of the cells ended in apoptosis, but most of them entered a period of senescence.
Autophagy appeared before senescence and remained at a steady level along the cell death process in PAB-treated L929 cells
Autophagy and senescence interact in a very complex way (14 -15) . In order to clarify whether autophagy was induced and the sequence between autophagy and senescence, we detected the changes of autophagy after treatment with PAB from 0 to 72 h. The auto-fluorescent compound MDC is used as a selective fluorescent marker for autophagic vacuoles. Flow cytometric analysis further indicated that the percentage of MDC-positive cells increased time-dependently after treatment with PAB between 12 and 72 h (Fig. 2A) . ATG5 forms a protein conjugation complex with ATG12 and ATG16, which is essential for autophagosome formation (27) . The lipidated form of microtubule-associated protein-1 light chain 3 (LC3 II) is generated during autophagosome formation (28) . In this study, ATG5 protein levels and the conversion from LC3 I to LC3 II also increased in a time-dependent manner (Fig. 2B) . Autophagy was further confirmed by transfection of cells with an expression plasmid containing GFP-LC3. The vehicle-treated control cells exhibited diffused LC3-associated green fluorescence. However, the cells treated with PAB showed a characteristic punctate pattern of LC3 (Fig. 2C) . In addition, autophagosomes packaged with cytoplasmic elements and swollen mitochondria were confirmed by transmission electron microscopy (Fig. 2D ). All these results indicated that autophagy was induced in PABtreated L929 cells between 12 and 72 h. As mentioned above, senescence was induced between 48 and 72 h. Combined with these results, we concluded that autophagy appeared before senescence and remained at a steady level along the whole process in PAB-treated L929 cells.
Autophagy facilitated senescence in PAB-treated L929 cells
Autophagy, apoptosis, and cellular senescence are distinct cellular responses to stress that correlate with each other (29) . Based on the above results, autophagy was induced along the cell death process between 12 and 72 h, while both senescence and apoptosis appeared after mitotic catastrophe between 48 and 72 h. Therefore, it should be necessary to investigate the roles of autophagy in senescence and apoptosis processes. 3MA inhibits class III phosphoinositide 3-kinase (PI3K) and is widely used as an inhibitor of autophagy in mammalian cells (28) . 3MA treatment significantly decreased the MDC-positive ratios and the conversion of LC3 I to LC3 II, indicating that 3MA could suppress autophagy (Fig. 3: A, B) . Based on the above results, both apoptosis and senescence were fates of the cells undergoing mitotic catastrophe. Thus, 3MA was used to analyze the effect of autophagy in apoptosis and senescence. 3MA treatment had no significant effects on apoptosis (Fig. 3C) . By contrast, 3MA treatment obviously reduced the ratio of SA-β-Gal-positive cells and the p21 protein levels (Fig. 3: D, E) . CQ, a lysosomal inhibitor, inhibits the autophagy process by blocking the degradation of autophagosomal contents (28) . The CQ was applied to further confirm the effect of autophagy on senescence. CQ treatment evidently delayed the senescence process ( Fig. 3: D, E) . These results indicated that autophagy facilitated senescence in PAB-treated L929 cells. Based on the above-mentioned results, ATG5 was involved in PAB-induced autophagy. Thus, the results were further verified by using ATG5 siRNA. Transfection efficiency was analyzed by western blot analysis (Fig. 3F) . Consistent with the above results, inhibition of autophagy by ATG5 siRNA evidently reduced the percentage of SA-β-Gal-positive cells and the p21 protein levels (Fig. 3: G,  H) . According to all these results, we concluded that autophagy facilitated senescence in PAB-treated L929 cells.
ROS generation and mitochondrial dysfunction accelerated each other in PAB-treated L929 cells
ROS regulated both autophagy and senescence process (18 -19) . Thus, we examined whether ROS was generated in PAB-treated L929 cells. Intracellular ROS generation was analyzed by DCFH-DA staining. Flow cytometric analysis showed that PAB significantly induced ROS generation time-dependently (Fig. 4A) . Mitochondrial superoxide was detected by MitoSOX TM Red staining. Flow cytometric analysis showed that PAB-treated cells exhibited a marked increase in mitochondrial superoxide production time-dependently (Fig. 4B) . Complex I is one of the main sites at which electrons leak to oxygen, resulting in mitochondrial superoxide production (26) . When electron transfer is significantly reduced, complex III leaks electrons to molecular oxygen, resulting in superoxide formation. Therefore, chronic exposure to the complex I inhibitor rotenone and complex III inhibitor antimycin A were used as positive controls to induce mitochondrial superoxide production by causing mitochondrial dysfunctions. Consistent with previous reports (26, 30) , both rotenone and antimycin A induced robust production of mitochondrial superoxide (Fig. 4B ). All these results further confirmed that ROS was evidently induced in PAB-treated cells.
The high levels of ROS result in oxidative damage to mitochondrial proteins and collapse of the mitochondrial membrane potential. These damages impair the ability of mitochondria to synthesize ATP and carry out their wide range of metabolic functions (31) .
Thus, we tested whether mitochondrial function was damaged by PAB. Next, we examined respiratory chain showed that PAB resulted in significant damage to the respiratory chain time-dependently (Fig. 4C) . Rotenone or antimycin A was used as positive controls to artificially damage mitochondrial function (Fig. 4C) . The dysfunctional mitochondria might lead to a defect in oxidative phosphorylation. To confirm this possibility, ATP levels were measured, and PAB-treated cells displayed a significant decrease in ATP levels timedependently (Fig. 4D) . Although the detailed molecular mechanism of mitochondrial dysfunction remained to be further elucidated, all these results demonstrated that mitochondrial dysfunction was induced in the PABinduced senescence process in L929 cells.
ROS is sufficient to trigger mitochondrial dysfunction (32 -33) . Based on the above results, both ROS and mitochondrial dysfunction were evidently induced by PAB in L929 cells. Thus, we speculated that mitochondrial dysfunction might be mediated via ROS production in PAB-treated cells. NAC, an effective ROS scavenger, was used to investigate the links among ROS generation and mitochondrial dysfunction. NAC significantly decreased the intracellular ROS generation and mitochondrial superoxide production (Fig. 4: E, F) . NAC also evidently reversed the damage of the respiratory chain (Fig. 4G) . These results suggested that ROS generation promoted mitochondrial dysfunction. Moreover, our above-mentioned results showed that mitochondrial dysfunction induced by rotenone and antimycin A resulted in robust production of mitochondrial superoxide (Fig. 4B) . Thus, we also found that ROS generation and mitochondrial dysfunction accelerated each other in PAB-treated L929 cells.
A positive feedback loop between autophagy and ROS/ mitochondrial dysfunction existed in PAB-treated L929 cells
To elucidate the detailed mechanisms of autophagy facilitated senescence, the relationships among autophagy, ROS generation and mitochondrial dysfunction were investigated. NAC was used to determine whether ROS was involved in PAB-triggered autophagy. NAC significantly decreased the MDC-positive ratios and the conversion from LC3 I to LC3 II, suggesting that ROS generation promoted autophagic flux (Fig. 5: A, B) . 3MA and CQ were applied to determine the effect of autophagy in ROS generation and mitochondrial dysfunction. The result showed that 3MA or CQ effectively reduced intracellular ROS generation and mitochondrial superoxide production in PAB-treated cells (Fig. 5: C,  D) . 3MA or CQ treatment also improved the function of the mitochondrial respiratory chain (Fig. 5E ). These data indicated that autophagy partially promoted ROS generation and mitochondrial dysfunction. In addition, inhibition of autophagy by ATG5 siRNA was used to confirm the above results. Consistent with the above data, ATG5siRNA treatment led to decreases of both ROS generation and amelioration of mitochondrial respiratory chain functions (Fig. 5: F -H) . According to all these results, we concluded that a positive feedback loop between autophagy and ROS/mitochondrial dysfunction existed in PAB-treated L929 cells. 
The feedback loop between autophagy and ROS/mitochondrial dysfunction facilitated senescence in PABtreated L929 cells
Based on the above results, we speculated that ROS generation and mitochondrial dysfunction were involved in senescence. Therefore, NAC was used to investigate the role of ROS in senescence. NAC significantly delayed PAB-induced senescence, indicating that ROS was a cause of senescence (Fig. 6: A, B) . These results demonstrated that ROS was involved in PAB-induced senescence in L929 cells. According to the above results, autophagy was found to promote senescence in PABtreated L929 cells. In addition, we demonstrated that a positive feedback loop between autophagy and ROS/mitochondrial dysfunction existed in PAB-treated L929 cells. Thus, we concluded that autophagy facilitated senescence via enhancement of ROS generation and mitochondrial dysfunction in L929 cells.
Discussion
Mitotic catastrophe is the result of inappropriate entry of cells into mitosis usually caused by chemical or physical stresses. It is characterized by changes in nuclear morphology and appearance of multinucleated cells. Cells undergoing mitotic catastrophe have different fates: they can die in mitosis, reach the subsequent cell cycle and then undergo cell death, or exit mitosis and undergo senescence (10) . In our previous study, we have demonstrated that cells undergoing mitotic catastrophe undergo cell death via the apoptotic pathway. In this study, we focused on the senescence triggered by PAB in L929 cells. Here, we found that apoptosis was not the only fate of the cells undergoing mitotic catastrophe, but senescence was another important fate in PAB-treated L929 cells. In addition, a small percentage of the cells undergoing mitotic catastrophe ended in apoptosis, and most of them entered a period of senescence. Furthermore, autophagy had no significant effects on the apoptosis process.
Autophagy impairment induces premature senescence in primary human fibroblasts due to ROS-induced accumulation of dysfunctional mitochondria. Under normal conditions, these dysfunctional mitochondria are eliminated by autophagic degradation (14) . By contrast, our results indicated that autophagy facilitated senescence in PAB-treated L929 cells, in agreement with data published by Young et al. (15) . Therefore, we focused on investigating the reason why autophagy promoted this senescence process.
Here, our data showed that high levels of ROS generation and mitochondrial dysfunction accelerated each other in the cell death process. Next, the interrelation between autophagy and ROS/mitochondrial dysfunction was studied. Several lines of evidence shown in this study support the idea that an amplification loop between autophagy formation and ROS generation/mitochondrial dysfunction existed in the PAB-induced senescence process. First, flow cytometry showed that the ROS scavenger NAC significantly decreased the autophagic level. The effect of NAC on autophagy was further confirmed by its ability to decrease conversion from LC3 I to LC3 II. Second, inhibition of autophagy by pharmacological inhibitors, which are functioning on the different cell sites or genomic approaches, effectively reduced intracellular ROS levels and mitochondrial superoxide production. In this respect, even though in various pathophysiological conditions autophagy inhibition leads to increase in ROS levels (14, 26) , at least in PAB-treated L929 cells, autophagy inhibition decreases ROS generation. Third, inhibition of autophagy by pharmacological inhibitors or genomic approaches ameliorated mitochondrial respiratory chain function. Combining these evidences, we concluded that autophagy and ROS/mitochondrial dysfunction accelerated each other in PAB-treated L929 cells.
We found that an amplification loop between autophagy and ROS/mitochondrial dysfunction existed in PAB-treated L929 cells. However, the detailed mechanism of this feedback is still unknown. We speculated that this feedback might be caused by the following reasons: Firstly, complex formation between class III PtdIns3K and Beclin 1 has been demonstrated to be important in a local rise in hydrogen peroxide levels in the vicinity of mitochondria (34) . Second, autophagy can enhance ROS accumulation by selective degradation of one of the main cellular antioxidants, catalase. The depletion of catalase causes a severe imbalance of ROS metabolism, leading to dramatic ROS accumulation (35) . Third, the oxidative conditions are essential for autophagy. This oxidative signal leads to inactivation of Atg4 at the site of autophagosome formation, thereby promoting lipidation of Atg8, an essential step in the process of autophagy (34) .
In summary, a majority of the cells undergoing mitotic catastrophe entered a period of senescence in PABtreated L929 cells. In addition, autophagy facilitated the senescence process via enhancement of ROS generation and mitochondrial dysfunction. These findings provide new evidence for further understanding the anti-tumor mechanisms of PAB.
